
-~ 

' 16. 
-

LI So NA VAL TECHNICAL* MISSION* IN EUROPE

to C=--):

Ln C-PIC4 %:OR o. 491-45

II -c:-.:" C*...:i o.U . l- .T I,/

•- ~DTIC '
SS~ELECTED

AUG 2 1984
Lai Stt••br 1'v5

D
4 ~~wLUSSlF[ED

V D

,,0 DI. 8•2•9 Reproduced From
Bes••t Available Copy

S-* NAVAL-TECHNICAL* MISSION. IN- EUROPE
Approved for phbl:ic relea-al,

3 Distribbutticcn Ulimhxited 84 05 1 5 5 4
F A.



U.* S *NAVALJ TTYMMICAL ?IISSIXN IN EUROP.'S
c/o Pleat Post Office

New York, N.Y.

Fie: A9-.16(3) (40/Hin)

Serial: 0.1182 29 September 1945

II H0

From Chiof, U.S. N1aval Technical Itission in 3urope.
To Chief of Naval Operations (QP.-16-.ý,O

Sub ject. U.S. Naval. Technical. 'aaision in.uoe chia
Report No. 491-45, Gormnan !"rechanical Timu Fuzes

- Forwa~rding of.

Enclosures: (A.) (Hi) One (1) complolto copy of subjeoct report
as listod in distribution.

(DB) (H':7 Ono (1) sot of norq-tUivcs of photogr~aphs
in sub joct ronort irith co-ýy No. 1 as listed
in disL~ribution.

1. Enclosuros (A) and (B) aro forwarded herewith,

2. CNO (x.?-.16--PT,) is roquostud to maku completo addit-
ional copios of -Zhlis re.port for forwarding to such other agoncies
as may be intoraote)do

'V. IHONSING'ER

TDISTiL3UTIXT To: at , .U

c,17, (P-16-.PT) ,a,6., vi/2.7nclosure 8 *..... Corjy No&.
FIT .s.......*....... *....*.... Copy No0. 2
0o-l~u........................ . oyN.f~ico of 2Rosoarch and Invontion C..... Copy ,1o. 3
CcvnlJav7,u for Ad~miralty 6. s *... ........ Copy No.
BuOrd (Ro) **,..OO9.*9.*. * Copy No. 6
BuOrd (1& 2b) `..&............. Noyov- 7- 8

xvT~c1ltisUlu (Kain ?l *........Coyo. 9



Accession For

* ?T-IS' G-,R-A&I
DTIC TAB IfqS"LC~hjO

Unannounced 0 0
Justification~--- Iwa

Byl?,e ________

* ~~Distr'ibution/ iiiE
Availability Codes

Ava.1 and/or

Dist Special

T-,C'1-TIC..,L flEORT 1(10. 49 1 -J45

GERN~a1 i'MCjI~TI= ".rIIm -LUZFIS

smflI I.-RY

T. riurTOsc cf T,.:lo invtosti- -,tion was to discovt r the trend
0of dcvolnrimr.t -ný disi;-n cf IMluch-micn-l Time Fuzes. flssentin.l1y

only two of sejvun nroduction r-lszs contribu..ed now idoas on the,
subj-c t. The trt. nd in devrt lo-p1.(cnt r.'ybe chrxraoterized as a
sce.arc',. for r'c, ns of st.ttim,, t~c, fuzc in the ýzti b:..rrEl -nd the
latest dosi..ns show dornend for dual. -mrposc fuzes a~s well rs
L dt:sirk. to nak-e the fuze independont ofth onftc

* 0SVPtkýn-brr 19Lý

M.,.

0~~~~~~~Z~ 9 ! V 0 0 a 0 a



TABLE OF CO'TI.'NTS

Page

1. The Krupp Tyeo Mechanical Time Fuze. 3

2. The Jundhes Type Mecl•nnical Timo Fuze. 10

3. Ocmbince Mechanicta Time nnd Impct Fuzes. 16

"a J4. Mcch'-zc~l Time ruzes Devices for
Eliminating D:,.,d Tine. 27

5. H'iscellrny. 42

Appendix I. Forms of Germa-n Time Fuzes. 47

-2-

* S U U S U U U U U IU U U U S U U 0



S

1. TeKrTTe Mech anca l Time Fze.

(a) General.

The Kru-p type Mochrinical Time Fuze was improved during the
Wnr years. The design of this Fuze lends itself readily to

ixx•,t-tions, some 30 being khown, most of them unimportant for
the purpose of this report.

(1) Doscription of Zt.Z,5/30,

Referring to Figure 1, the clock it operated by a
mn.in spring adavtcd to rote.te P central hollow shaft which is
slottf.d to accommodate and in turn rotate tho Firing Arm

* Rot.tiner (i). The hollow shcft contains a. helicl spring,
co".ressed as shown. The F. A. Retainer is held nxially against
the comnrcssod sering by -i Annular Ring (2) which is integral
with the -odjustblo (hp. The F. A. Retniner is held in its zero
position by a S:or (.).

0
SIn oper tion, thu Cap is rotated,by the Fuze Setter,

the dosired number of degrees whereby the firing slot is moved
to the required position. As the bullet is fired the setback
force depressus the Seir (3) . the F. A. Retriner is moved counter
clcokwieo" held in its plane by the annula,.r ring (2) until it just
passes the firing slot oroj(:ction (4). The F. 4.. Ret "iner is 0
nc(w forced forward by the Spring (5) relorsing the Firing ALrm
(6). The Firing i-m, rotrited by the woring (7) allows thv Firing
Pin (9) to rotnte. The projecticn (9) on the Firing Pin sliDs
off the cone shr.pc Gudpkecn (10) urged by the Spring (7) and fires
the primer which is lock'ted directly bnefath the Firing Pin in
the Body (nct sh, wn). 0

(2) Safoty Devices.

While the F. -. Ret-dncr (1) is in the zero position
it is stopped fr-.m rotating by sc't beck sear (3) and retained
? .xially by Br'.cket (13). It is thus possiblce tý set the Fuze 0

-.3-
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1. (a) General (cont'd).

by rotating the C.p with its annulE.x ring throughout 3600 without
firing while in the Fuze setter.

The Blocker Arm (14) prevents the Firing Pin from
firing until the Fuse is rotated at about 50 R.P.S. Above this
spin the Blocker Arm rotvtes, against a soring. to clear the
Firing Pin.

(3) Notes on Operation•..

The Fuse operates freely and may be handled and
assembled to the Round spefly. It is waterproofed externally with
wax but no dossicant has beon used within the Fuse to absorb the
remaining moisture.

The two wodges that lock the cap in position at
setback operi,,t -,.t about 2000 g, estimated to bf Just before the
rotating band nngags the rifling in a gun similar to our 3"
ind. the setback scar releases the timing mechanism at about twice
this volue. W cx-4,ct thAt the cap with its firing slot will stfy
in the set position, azd not twist, due to the high angule.r accel-
oration experienced. Q&on the rot-ting beand engt-ges the rifling.

(4) Notcs onAdjustment.

The fuze is adjusted .-nd tested for timing stati-
cally:

The escapement Lever of, for instance, a 30 second
:.'uzC, ha-s a frequency of 132 cycles. The clock is started rnd
th%. ratL of the rsca.iement Lever is observed stroboscopically.
The effective pe-rt of the Hairspring is made longer if the rate io
too i-igh %nd shortt;r if the rp.te is too low. If the limit of
%.djustmont is reached and the rate is still too high another
Escapement Lever is mounted; if the rate should be too low the two
brass weights on the 23capement Lever sre reduced in weight there-
by reducing the rotary moment of Inertia and increasing the natural
froquency of the system.

- -
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1.(a) Genferel (ccntd.).

It is noted that only one end cf the Rairspring is
subject to ndjustment. The escap.ement Lever is mounted to that
it ca,.n be replaced without tearing down the clock :nd the esecrpe-
mont wheel is readily adjustable to match,

The clock is tested in -'. fixture for elapsed time
by ccmparison with a seconds ptfndulup. An electromagnetid
reloase for the *oendulum is synchronized with the sterting cf the
clock. The fixture simulates the ann4,,r rkng in the ccp and
when the F. A. Retninor is relers.od through the slot in the Jig,
tin electronr'petlc brake stops the pendulum. The elapsed time
is held from .05 to .1 seccnds for 30 and 60 second Fuzes in the
f otory.

This system of rcdjusting cnd testing is somewhat
slower than the Electrconic Pite Testing System used in .merican
factc:rios. Thare is nc cbjcticn to t, sting the clcck staticnaly
(i.e., net spinning), the error due to centrifagnl Force on the
Hairspring is subst.ntially r. c(.nstnnt.,' rlthough a different
crnstant for o-ch rcl.nge of sBin.

(5) ilot, s -n Desi, -nd Production.

Evalufting the basic desi• of the Fuze we note that
the clc.ck is shcrt ni.ially because the .PrimrnFr requires nc great
niring-Pin velocity. This allrws the desirer to place the clock
well to. tht. ruir in the 3ody and the assembly beccmes more rugged..
The four plates are securely held together with three throughscrews
which re J.lse used to belt the clock to the bcdy making, .
subst-mtial assembly. The running frictit'n h,-.s be,,n reduced by
using only 3 gears -nd by nrtking the eqcaroment wheel very light.

The nin spring is highly stressed, a conTron0
rr-.ctice in the design of clocks %nd c•,ued mnny rejections due
to bre .k• ee. It is estimated th!At 18,% f Krupp type Fuzes in
.-fricn were inc-verptiv, due tc brcken n.ln aprings.

The osc-r"mcnt is solf-stnrting !,nd there is little
differ, nc, in torquu required. t, stnrt rnd to run. Th, method of
cockingp the firing pin is nc bctter thr.n thft used in othor
mechanicl Time -.uz,-s. Thr idtcr, ! f suparxting the two elements

-5-
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1. (a) General (c(nt'd).

which initiate the firing, i.e,, the P. a.. Retainr tnd the Slot
in the amnnulv ring-, instead r.f mountinp them in the szae unit Is
very pcor practict., The setback release scheme is fair.. There is
nn need to trke up backlAsh in the geartrain. The design lend*
itself to variationb for spucial purposes as we shall see below.
The w: rknnzship is excellent.

The Krupp type mechanical time fuze was improved
over thE basic design by Gebruder Thiel, clock tnd watch mwnufao-
turers in Thuringia. Four plnts produced a-roximately 15.000
dtaily uo to 1 9 42. Subseque'ntly only twc plnats were producing
this fuze Ft the r!,te of 1,bout 7,000 daily. Thu fuze described
(-, st the Govt-rnn,•nt 10 marks each.

* q (b) Dele•yed Armine Time Fuzes.

(1) Des ciTntion.

?v&ferimnct is na••c to Figure "'. Item 2 is the
r.nnular rink. in which the firin,; slot is located. A similesr
annulus (3) with -n rrini: slot is fastened t- the trop plate of
h. clock. The -truin,, slot is (f crurse quite similar to the

firing slot, anth u,::h th,. functic ne of the two slote are
different.

Assumine th.at the clock is stnrted by the setback
force, th- Firing, Arm Retainer is n-w kent in its planc rcf rotation
by tht; fixed annulus until it ro-ches the armin,: slot when it is
forced forward oe:rinst the .idjust.ble annulus. Continuing to
rctate in this new 13lane, the Viring jAr. Retainer finally reaches
the firing, alst and the Fuze fires.

$ q (2) Cmnvntos.

T7he fcheme was used in Fuzes f:•r 380 mm and 406 mm
runs. In such largc caliber 1:gune, t-,e 1,,w setback force requires
thn.t the Rel( P.,c SLar is s.t to *pt rr.te t-t nbout 601 -f the value
f..r smaller cf.libcr suns. Thc Oeqayed arming is an additional

f safr,•uard adinst nrenatures rme well adi pted f, r longer time
settings. P r inst-.nce, if wc decided that we wruld not want to

-6-
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1. (b) Doleqcd tiinf4 Time Fuses (contd).

set the Fuze for less than 10 seconds time itnd that a time Ps
lonk; as say 40 secr nds was desired. By using the above described
construction our opportunity for accOurate time, setting would be
1/4 cr 25% butter th.n if we were tc, use the conventicnrl2 meth6d.

(c) B1, listc Tests.

A few ropcrts (,f ballistic tests have bea~me avuilable, 0
rigure 13 shows test results on 5 sec., 30 sae. and 45 acc. Krupp
type MechnIcal Time Fuzer.

In ccnnecticn with the test on the 145 sec. Fuzo on Decezaber
12, 19143, the statement was made (by O.K.L.) that the 45 sec.
Fuze was entirely useless. It was th-.ught th:.t the errcrs were @
duo to Car slippage W. extensive tests wore made using Fuzes
in which t~he cjJust,.blc coips were fastened to the Bodies, by nenns
of screws agninst other Puzes with Ca.ps having stedard, torque.
No grecAt diff±roncc was founO. Six movnths lator, the situation
with re-spoct t( 45 suc. Fuzes had irror,-ved.

4

-7-

W 0



Kit qm . a -Al y t FUZ

Wed

* 113

9 14

* S0

*~~~~~~~I* I



V. 60

dbq)

105.1, c Y
1120

Be-f~ GUS

- -- - - - -- - - - --- -- S
wSo

oS
rl;e -Ts 4 -a 4

q / - -f F Z Z E ZS

17ECI 71

Vo27 86Iv a

vo q 50

Vo20

106 /1-f OU1
It g5 7



12. The Ju~n~ans- Typ6e -4qchwr.ica T173e Fuze.

(.) General.

Distinct frtr i the Krtwp type fuze, which as we have seen in
operated by P- mainspring, the motive power for the Junghems type
fuze clock is derived from centrifugel force. The Junans fuze
was used in large qurntities during-the 'entire wa.r. It Is described
here because the centrifugal drive and the firing mechalnism were
coTmpletely redesigned Just prior to the war,

(b) Deseriptirn_ of Fuxze Zt.Z 9/3019g

Figure 2 shows the firing mechnnism in the arned nnd fired
prsition. The timing disc (1) rotates clockwise with its firing
slot into which the firlnxg arm (2) is moved thereby turning its
shaft aximlly. The plate (3) which was held from operating by
the firing arn shaft can now rotnte outwards through the slot as
ind.icn.toe. in the figure, The plate (3) is fastened to tn auxl-
lin.ry shaft (4) which therffrre rctates with the plate. The
lower fl'ttened -ortin i.f the auxilinxy shaft kept the hook
shaped senr (5) frcm discnapging the primer c'ntainer (6) until
the auxiliary sh.r,.ft turned ibut its =is. The sear now rotntes
outward, the primcr cý.ntainer thereby re eeoSed -. oves towa"_rd the
firing pin (7). The moticns of all members described nre .erived
from centrifugal force nnd. are sh7wn in the finnl fired 'oesition

•inFigure 2B.

Earlier in the war a flat spring was pl cod between the Orimer
cont:.iner and the plate where the helical spring (g) is now shown.
T:.e purpose .wve to augment the rztion of the primer container to
insure firing but thie contruStlon wa's found to be dangerous
and. the spring was replaced by the weak helicc.l sTring shcwn to
prevent tho.primer container from rattling.

Figure 2A shows the centrifugal drive rnd a bottom view of
the clock. In the.bottorn view (1) is a safety o.late urged into
safe position by spring (2). Innediately above the safety plate
is located a set b.ck pin (not s -.wn) with P. hemispherical roint
bearing on the hole in the safety rlnte, mrkIng the arrangement
bore safe. 'The escapoementt is released, to 'start the fuze clock,
by the set back -in (4) which is hold in position by spring (5).

-10-
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2. (b) Desorlption cf Fuze, Z%.Z 830 cont,¶).

In the tcr view cf Fip9e 2A Is a nwn the centrifugp.lly
cperated e•rve. The weighted gea•r *eatcrs (1) olperate the central
,inl-n (3) thrnugh the two pinlons nmd ger.r (3). Beneath 6ach 0

goar sector la located P. eak hatirpin shaped evring to urge
the, sectors town4rds the periphery of the clock. Theme springs
are too wonk to contribute y nqpyreolable force to the drive but
merely koep tho gear teeth in contn'ot So avcml. backlash In the gear
treln. The gear sectors (1) are slottee. no shown at (4) to take
up, yeoldably. the shock of the angula.r Locelerntion exporienced, 0
when the rctiting bind of tho bullet onters the rifling of the
bnrril. In a vrn gun the v.%lue of this acceleration Is of
censiderable magnitude due to the run up, of the projectile.

skAlthough not ehown two stcus wre -prvided to prevent the
hairs-ring, frrm btr*Fdklai or teking a set at the moment of maxtimm

• angular aeoolern•ct n. The stcps are of c¢urse arranged so thnt
the hairwpring r4&y oporato freely at c.11 other times.

:-i.ure 2B a -s a rlot of the available torque cn the central
,)iDilfs.

The fust! clock Is reaulr.tc c by ,-bservation of eltnose, time,
T•he rogul itinp- mrchine has a mounting fixture for clock crntainlng
tw electric contact members which are arrangvd sc thnt one starts
and tho other st, ps % master clock. The fuze Is nl:.co. in the
ndunt ane. rotated at 16.,000 R.P .(,. contact ewmbor 01 hclding the
ivsc:xpenont leuvr to prevent the fuze clock frm stnrtinpj until it
r. %.c.os the eesIred volocity, whoreupon natuated by the oentrifuma
f rce, the c ntn'ot croveft to stiart the fucu clock "nO the master
clrok simultr~norusly. The timing disc has previcusly been set
at 30 seo'nels :rI. when tho fuso clock fires the nuxilit.wy shaft 5
(4) Fi,•ro 2 )perrtes cr.ntact m.,nber #'2 t, st.) the masttr clock.
The ol.orsoe, ti•,e Is ro,-td nd ndjustnents -f hairg.rrin, length are
Swc. if nTecessry, tr secure satief ctrry '-rwrti(:n.

The Jung.rns type fuze was r-'e in crnsit~ernbly lrxger quanti-
ties thrn tht! irunn' ty-,e. It Is estitns.tce thr.t "tbUt 250.000 units
veruo neo nitnthly fr~n 1"37 to 19)42. From 19)42 to 19414 the Kodek

-l1--'i "
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2. (c) F tes (cnt'd).

factrry changed from Krupp to Junghans fuzes adding another
100,000 units per mcnth to the total capacity for the manufacture
of this fuze.

The price tc the Government was 11 marks for the ZT. Z. Fg
and 1.4 mca'ks fe.r D(;pp Z S/60 pg.

*12

* 0
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3. Ccmbined Mechanical Time Pz,!atFss

Apparently the need for an im)act detonating element in the
mechnica•, time fuze become acute in the summer of 1944. Three
distinct kinds were designed between that time Fzd march 1945.
In chronological order wo havet

(1) The Krupp Type Base I mpct Unit with several
minor variaticne.

(2) The tunghans Type Point Detrnating Unit with
three variations.

(3) The Skoda Tyre Point Detonating Unit with
four variations.

(a) Base Inrp,.ct Unit.

This unit dr.tes from July 1944 end is shrwn in Figure 4. Its
use wxs c nfinod to Krupp Tyýe Time Fuzes. Referring tr Figure 4
a Plate (1) screwthrectded into the body beneath the Fuze Clcck,
cnrri.-o a fixed firing rin (2). Recessed in thp body is a
cylindrical prin'wr husing (3) retainod, in the static position of
the fuze, by ccnvuntianal clapper style detente (4). An anti-creep
spring (5) bears against the primor housing.

The mode of ýper-.tion of this unit is obv'ous. Some variatione
are provided with longer bcdies admitting largur primers. The
combination was kncwn -.as Dopp.Z sf30, Dcpp Z a/60 depending on the
maximum running time ,-f the time fuse.

(b) "Jungfrau" Point Detonnting Xle ment.

Gebruder Junghaus developed three quite esiil:.r point detonating
devioces for their mechanical time fuse.

(1) The first design, known as Dotp. Z S/60 Fi, hPd a
g6er arrrngement frr •.-ming the Impt.ct unit some distance
"boyrnd the muzzle cf the gun (Makonsaiherheit)° Some
thcusands were made for O.K.M. at "hessap", Hamburg. It
was less sensitive th'.n desired,

(-) The socond design, kn1xwn PAs E. Dopp Z S130 operated
like "Jungfrau" but had two hook shaped centrifugal detent.

-16-
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•.(b) "Jungfrau Po~int Detona.•jnS•,,Xement (c6_nt'd),

for the impact firing Pin. Promnture ,nfety of the imract
unit Mskensicherheit) could be. varied by a stop for the
impact primer which was operated by the number 4 gear in the
Fuz, Clock. Approximately 6b,OOO units were made before fhe
war ended.

(3) In reasrcnse to a dewnd from the O.K.M. for greater
sensitivity of the irmc• unit the "Jungfrau" was developed
trod submitted to 0,K.M. - February 1945. Very few were made
i id none were 'used in Actul warfare.

Description.

The impact firing pin (1) :nd the centrifugl detent (•4)
Figure 5 -.e essembled to A mrunting cup which is threaded
into and •d•pted tc be retatrd with the COp. This mount-
ccnz. Ins .- lsc the hinmer sr.ri ng and the set'-pin. The firing
pin (1) is provided with a coll•r (2) 6(,, tht 'it ban be held
in a safn *ocsitin by the centrifugn.lly operated detent (4).
A light helic•'l spring (.) between the center shaft of the
fuse clock -,.nd the firing ,in sleeve hrolds the firing pin
in position while the bullet is in flight. The detent (4)
cperatcs aginst the spring (5). In the number 6 Plate of
the fuze clock, is receesed a rrimor slide (6) which is held
cut of line with the firing pin by the spring (7) while the
clock is stationary. It will be observed that due to the
revised Junghaus drive, mnking the central pinion shcrter
and larger in diameter a fair sized hllo can-be drilled axially
thresgh the pinion to accomodato the firing pin.

2.eratinn.

The opneratitn of the impnet element is sho-wn in Figure 0

5, the primcr firos through the fuze clock into the booster.

(a) Skoda Type 'Point Deton,-,ting Unit..

(1) Goner 1.

During lobrunry 1945 a.,pcint dot,"nating clemcnt as
a umitar! structure w:'.s devised -.nd t, sted at the Skodo •orks.

-17-
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•. (c) Skoda TyDe Print Detnating Unit (cont'd).

It hPA twc ad.v:ztages ever the rrevi'usly dc,.ecribed units. First
it w.,.s mere scnsitivw:, second it could be very simply adapted to
existing Zt. Z. $130 time fuzes (f which more th-n seven million
were av,.ilable. The O.Y.1. auth-rized the conversicn of existing 0
mechnnical time fuzes toSkoda CC Z *130 on I4 March 1945 a.
tempcrf.ry mermourep the ultimn.te in sensitivity not having been
f qund a.s yet.

i(2) Description.

Referring to Figure 6 it is observed that the CC
olem-nt (1) is mcunted in the car of the time fuse no a unitary
structuro. A relatively lrrge charge (2) is adapted to be Ignited
by the sensitive primer (3). The sensitive mrimer is urged
town-rd the ruis by the spring (4) but is held in safe position by
the firing pin (5). The firing pin is held in position by the •
spring (6) ,.r.d the; bNil' (M-

(3) Oper,,,tion,.

Thu unit stearts tc arm when the rund is fired,
the sot b ck fcrco .icting (n tho firing.pin compresses the spring
(6) n.llowing- the , 11 (7) t., fnll out into the wide part of the
housing (9). -fter th. bullet is bey'nd. the accej.erotion field
of the g.un, the firing pin is urged f.rwnrrd by the spring agiainst
the dcishpct effect cf pristVn (9), the complete arming being there-
by retarded for a distance, said tc be frrm 15 to 150 feet beyond •
the nuzzle. The sensitive primer is n w free to mtove into firing
p, siticn. Ujpcn impact the chorge fires through the fuse clock into
the b ester.

(d) Johnn- Sup or-Zundwe rk.

Descriut Ic n.

I'igure 7 sh we . design which st' ncwhnt resembles the Skeda
unit in that it couV. rradily be applid tc existing time fuzes.
The firing rin (1) is rt:,-nvd in the un-rmed rositic-n bV a detent
system consistin,-" of a- nctched Tll°te (2) r nd an -luminura srirnal
(3). Bet,,oen tho firing nin nne. the orimcr is recessed P. centri-
fugally operated safety slide (4). The cuperrtion of the fuze is
clearly discornable by in,?oection of the Firure. .*nother very

-1a-
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3. (e.) John-S-per-Zundwerklcontd),

similar.versicn of the fuse in shown in Figure 5 an" a third
device, not shown, and no model, was also made owing to the
urgency of the project,

S(e) Notes.

No. 2 fuse, Figuxre S8 was rendy first 'nd-40 samples were Ade
=nd tested. The ballistic tests were satisfnctory but the design

was rejected, not being mristure proof. No. 3, Figure 7, of whichm00 semmples were teetcd was .pproved.by, the O.K.M.

Tests were mado for sensitivity, at reduced velocity and both
the Skoda and the Surer Zundwerk fired at Vo 450-600 feet per
seccnd against 1 mm Duhal or 4 =mm crxdboard. The premature safety
(naskensicherheit) was about 30 feet beyond the muzzle, more

* definite with the iauminum Sp-ral System then with the Aash pot
system (as in Skodt).

These fuzes wore tested about aIhroh. 1945 and none were actually
used in warf n.re,

It is worth noting the st.tentenenBs of a PW, relative to the
efficacy of the ourobin .tirn Fuze. In a report issued by the Office
of the Director of Intelligence, Hq.. USSTAF (Rear), 5 June 1945,
Wnlter von Axthelm, GonerUl der Fiakartillerie, former inspector
general of flak, was interrrgated relative tc Fuzes among other
subjecte. "In the latter period of the war,. olcnee were so well 0
co,,nstructed and armored that IM proJectiles had to burst within 14
meters of a plane to be effective."

"It was calculated (on probable errors) and confirmed experi-
mentally tha•t a 14-Lmotored plane such as B-17 o,, B-24 woule. receive
a Oirect hit once in .bout each one thousand rounds fired."

"This fuze was develmed to burst on in.act and. if contact was

net mAde on a rlane. then on tino as with the customary time fuze.
It wvs very successful %nd rer rlcne, dropped from 3000 rounds with
time fuzes tr 900 round with this Fuze."

"This.fuze went into prrducticn in the f,,ll o.f 1944. In
October, 1944, prcd.u6ticn w-.s 1800-2000 fuzes and this wns to be

"19-
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3. (e) N',tes (cont'd).

increv:sed r.pidly until Prfducdtion of fuzes would be of this type."
(ý',,ui.ted. ve;rbitim. )

The fu~e referred to is E Dcpp Z Sf30, the Immediate precursor S
of "Jungfrau" (See "Jungfr=u" second design above).

-T c n roadily see how both of these figures frr numbers of
ro-unds would have been P. ,?rep.t deal smeller had the Germans
succcc:oed in Oeveloping a gcod mechtnickl time fuze, to be set for
"tine to burst"while in the gun barrel, thereby eliminating the
dead time as will be discussed in Pert 4.

S,2•
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4. Mochani cal Time Fuses;Devices fer Zliminnting

The mechanical time fuse has ah inherent possibility of
accurE.cy far beyond that cf any c'ther fuse known to date.
Unfortuni.tely present usage permits a variable error between the
-orocees of setting the fuse for "time to burst" and the actual
firing of th( gun. This variatinn, amwunting to many times
(10) sny timing error existing in the fuse itself, obviously makes
the fuse much less useful than intended.

Both the British and O(rmnns have tried to develo_ devices to
climin:nte all or Dart of this dead time, and while none of these
devices has been used in actual warfare, nevertheless the subject
seems sufficiently imroortant to warrant a brief summ•&y of what
has beon done to O..A-te.

*O (a) The ?iidgeley Time Fuse.

(i) Generral.

Tho .lidguley time fuse was devised and constructed
by the Midgolcy-Harms Cr., Lkd., London about the beginning of the
war. It has lheon t-fferce. t- the British Government and it is
snid that whilo the British ih,.vv hhuld like to have it made in
some quantity, the Govornmcnt wFas n-:t in a nosition to assign the
neceseary werkmcn to the con??nny.

The fuse was designed tc be set for "time to burst"H
after the round has been rammed, by aco7-ustic means. Nn actual
firing teuts have been mae but the fuse rnd associated gerr has
boe.•n found to operate satisfactorily in dummy trials.

(2) Description of the Fuze.

The standard Britih mcn.ecnical time fuse is of the
Krupp type described in Part 1, in which the firing arm conttminer,
aftor release of the set back arm rotcttes counter clockwise
restrainod in thc ll•v e of rotation by an annulus. When the firing
arm container reaohes the firing slot in the annulus it moves

* ai'.inlly rcleasin4: the firing arm which in turn releases the firing
-,in.

-27-
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S4, (A) The .idJgoley Time Fuze (contl'd),

"In the Midgeley Fuse shcwndiagrammatically in
rigaro 8 we have a standard fuse clock (1) and-also a alaudliAVy
clock (2) which rotatio the annulus (3). It will be recalled that
in the convpnticnal Kraup type time fuse the firing slot Is located
in in annulus h.ich Is part of the oaln and that the "time to burset
is set by rotating the. cp with'.rospect to the body thereby placing
the firing slot in tho annulus'in-the des$red geometrical ¶'osition,
In the Midgoloyfuze the annulus with its firing slot, is constantly
rotated by the anxillary clock. The apmropriate geometric.e
position of the firing slot becomes fixed ,nly at firing of the •
round when the set back force will cause the annulus to be
impin.ged upon a number of fixed uham_ pins.

Into the body is secured a reed (6) and on the rim
of the annulus is affixed a iluck (5) in such a way that for erch
revolution of the annulus the pluck strikes the reed ýo emit a
sound; As embodied in the latest model the -annulue mekee one
revclution per saecd nd v:ne the. reed emits a 3000 cYCLe note each
second. Because the position -f the pluck with respect to the
firing slot in thc- nnulus is fixed, the 3000 cycle nete defini-
toly locates tho firing, slct distance from the zero roint of the
firing arm crntAinor,.

In operPtic:n the round Is picked up, pin (7)
manually depressee to start the cuxiliary clock gand the round is
rammed. The rim ,f the cartridg• crge. (see Figure 0B) makes
,physicol ccntc~ct with the projecting part of a micrcphone (11)
which is fastened to the breech end of the gun, Bvwry sound
omitted is now picked up by the microphone, amplified and filtered
to excludo all but the fundamental of 3000 cycles.

On to the dial of the predictcr (16) is affixed one
co.ntr.ct mnd ecth,.r contact is fastened to e'rotating arm (13), both
1minr in the firing dircuits. Rotroting txm (13) is ae.mted to be
rctoitcd through n frictirn (rive by means of a synchroncus motor,
'turning one revolution noer second, rrecisely like the annulus in
the fuzo. A relay (12) servos to h-ld the arm pit the zero - sition
against the friction driv-, as illustratod inFigure 8.

The round is in the gun and at the first 3000 cycle

I 0
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a Th ,.,idgele. Time, Fuss (cont1d).

signal picked up by the microphone the rela&r is actuated, releasing
the rotating arm. The contact on the predictor dial can be adjusted
by the fire control gear up to the time that It is desired to close
thu f irng Pircuit Pse'where*, whereby. the contact'on the dial 0
becomes- alivo and. when, next, i.t iso- actuated by: the tataiing arm
firos the g... :he rIta.ti.ng nT~U3 M.bvin, beeDn' nchronize& by
the 3000 cycle note. o perpAing the. rele ,-the fuse is evidently
not for "time to burst" at the instant of cpntrct, To achieve
a high order of necuracy the a~ilinry clock has an eadprament
frecuenOy of: 700 bY¥le. .ns d is well designed. The running time of 0
this clock Is 30 seconds, thus thb round must 'b' fired within'
this timC aifter the Dclock lae been stnrtodo

N.ote a..

This mothnd- of •lminitinrg' aet time )ia a number,
C4, dtrwb#.dcs which aoro immediately i0pnrent, rts well as Introducing
in itself nn orror 1 .rger than the one it intends to eliminate.

It. mýy be montionod heire thqt -.ttempts were made to
pick up tho sound. without metr'lic connection but it turned out
that ever a slight ouating cf groase tends to attenuate the 3000
cycle note so th:rt it comnletply mnsked by random noises. The
necessity for met-tilic connection sev rely limits the utility of
m iethod.

It will be observed that the present arrangement
takes no %ccount of the time elapsing between crntact in the firing
circuit and the actual. set bank which locks the annulus in place.
If this time lMpse is, say .1. seoonds, the annulus abvlously mrkes
.1 revolution or 360 w•hch corresponds to an error of more than
3 aecrnds in this fuse.

(b) Mech•nicnl 2r-clock ruzc.

*(1) Gner~i~t.

Tho idea of setting the moch-nici.7 time fuze for
* "time to burst" with the round in the gun barrel w.A nroposed by

the OK.L. b.bnut the ond of May 1943. Both O.K.L..• d O.K.M.
were anxious to have this work progress rapidly and, two laboratories

-29-
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)4. (b) Mechanical 2-clock ruse (oontld).

woru charged with developing, independently, the desired device.

The finished units turned out to be very much rtlike
in principle and only one needs to be described.

(2) Descriptvion.

Roferring to Figure 9, a Junghens Fuse clock Is shown
Ps (1) .,ad directly above a time set clock (2) PdApPted to rotate
the timing disc (3) of the fuze clock at 1200 per second for 30
seconds. Figure 92 shows the methcd of operation diagrammatically.
Just before ramming tho round was placed into a cup(4) and the
time set clock stprted by man=wIly depressing plunger (5). The
operation cf plunger (5) also made a circuit which released
rotiting arm (6) driven by a meater clock at the oame velocity
ns the timing disc in the fuze clock, and effected synchronism.-
Firing reloy (7) was mounted on an annular ring and positioned
by the existing fire contrr-l gear. The method of operaticn is
clearly discernible fron the diagram 9A.

(3) Nts

Tl'o Krupp scheme wns revAy first and ws tested in
March 19•45 While tho 1.-bcratnry tests had turnod out well the
proving ground tests were uAsBt isfactory, The fuze was known
-s "Im Rohr Dinstaellbiro Zunder Zt. Z S/30 M21. The Junghans
scheme w.s not tested.

This method is obviously an impr(venent nver the
ncoustic system being more widely applicablo. The particulnr
ombodyment 's shewn would slow up the firing somewhat anzd Just
like the Midgely fuze the error In of the eawe order as the one
they were trying to correct. Because the timing disc makes one-
third as mrny rev(;lutins per second is thtat of the Midgely fuze
the error is Pb(ut 12c 'or one scccnd plus. The Germans checked
the time la.sc between contact •nd seL back on their guns and
.cund that it vw.ried from .05 t( .15 seconds depending mainly on
the tomporature c-f the powder. Frcm this consideratin it no
doubt bec~ae obvious to them tha'•t W.y system with a revolving timing
disc to be locked nt set back wruld be subject to v. lrxge error or
unduly i.mpede tht; firing.

-30-
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4. Mech.nical Time ?Fuzea Dteices for Elimint.ting Dead Time
(c'nt'd).

(c) Mlectriclly 'Set i,6chanioal Time Fuze.

(1) Genv ,-,tl.0

The development of :n electrical system for setting
the mechanical time fuze while the round was in The gun ba~rrel
wý'.s .tcxted in 1941 In the Junah-%ns Reser.rch Labors'.tory at Freiburg.
It was urigintl.y intended tht the systom wruld be used for 85 mm
flak but it turned out to require a wire thrcugh the round 9nd the S
breechblqck which wns objectionf.ble. In 1943 the development was
resumed fur use with anti-aIrcrpft rocket R 42. The unAt to be
described is a further sitlXpificeation over the fuses actuplly
tested and wi;s made possible by the cenatruction of a high speed
mechanical counter.

(2) Description of 'the proposed R.-.ckAt F'uze.

Rcf(,rcnce is mr.de tc Figure 10 in which a fure clock
is shown as (1) having n cupped timing disc which it adapted to be
rotated at I RPS by . spring mnrtor, Disc (2) which serves as
governor is rct:Atcd r2t 100 RPS by the sering motor, The toothed ,
wheel ( ) "_nd the c-n (4) rre mcunted on the sarme shtoft ts the disc
(2) rind thore fcrcr lso rotate with a velocity mf 100 WPS. Thus
the can (4) makes and bruaks contacts (5) 100 times per second,
shorting out !.nd unshrtinr rceistance R which is lotced Olectrloclly
across the contacts (5).

Separately mounted is an electromagnet (6) to the
arnp.tur, (7) (f which is attached pin (5). By operating the manet
the rin (5) releases the teethed disc (3) thereby starting the
spring motor which rttates the timing disc en the fuze clock. The
number cf operations nf cnntacts (5) are counted by an external
counting relay and at the dosired count the magnet is de-energized,
tho rarmeture drops pin (8) Into -no -f tne ten slots of disc (3)
sto7ning the spring mt tor thureby arresting the tining disc.

Ficure 10B shows a diagram of the arrcangment. R
is the resistince ,.cers the ce'ntacts (5) in the fuze. (6) is the
magnet by rier'.es !-f w'ich the fuze cr-u be set as described -ibove.

-31-
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1.(c) Electrically~Mcii~.1~se ue c~td)

Zzternal to the fuse are contactAs 1land 1,,,whico.are ,,,•e manually
as shown, 12 beilg'the :holding crntact' fbr.the i.rsl L. Depressing
switch M stqrts the operation cf setting the 'uze, A plus potentIal •
thrtsugh resistor'D and -ýoint X actuates manet-(6) to start the
spring drive cnd thereby the timing diso. Contacts (5) in the fuse
operpte and unshort the rbistancw. tin the fuze thereby raising
the potential at X, i.e.,. the altornAte hig and low potential at
X, 100 times per second, c-used by the orening and closing of
contacts (5) may now be used to sot the fuse for the proper "time 0
toburetf while it is in the gun barrel.' The cowiting circuit
consists of 'a five OleMent tube (T) the plates of which are connected
to the coils a and b on the counting relay that. operates the
rotatine nrm (9)i The -oredictor sets co.ntact (N) to the destreO
position and when the rctating arm (9) makes contoct with N the
firing circuit is rvlee.

'In this ntirticular circuit the donstants are chosen
eo that when the rotential at X is low, making Y negative, the flow
of current through -le-to A and. coil a stops. At this 4oment the
'potential on A ri-sos vn'. grid Z 'becomes positive. The tube current
now flows thrcuph Plrtte 3 'nd c.il b counting another .005 second S
step. At each'step the rotating arm ,dvanoes and when it reaches
N, as mentioned a•hvc, the firing circuit is Wde. The counting
rclV• is said to bcý capable of operating on pulses of,004 seconds

duaion.

It was pointed out above that the fuse was produced 0

in 1945 fcr the R 42 rocket. 'When the rocket sw'in reaches 9000
RPM (some ,2 to .3 seconds after firing) the tining disc is
cla•ped to the gear train of the fuze clock by the centrifugally
operated clutch shoes (10) figure 8F.' At 5000 RPM (.6 to .7
seconds) the coupling pins (11), which have kept the timing diso
connected to the s oring motor and thertfore stationary up to this
roint, release the timing disc which can now be rotated by the clock,
L.t 8000 RPM ( .9 to 1 Oecand) the.fuze clock is started by the
orer,'-tion of a_ centrifugally oporatod release for the escapement
lover (not shown) .

(3) Notes.

Beca~use the timing disc rotates at 1 RPS rand can be

.-32-
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S.. (c) Slectric•rtly S(:t Mechanical Time Fuze (cont'd). S

stc, mod within I milliseconn, the inaccuracy due to the setting
mechanism is excee.ingly small derendent only on how closely
firing contr.9t IT can be set. The. erring drive hrs been worked
cut so that the gear train between the toothed disc r.nd the timing
disc hais not lost rmotiý-n and therefore no error other than that
in thc fuze clock itself is evident.

The fuzes were tested 3zd nronnunced satisfactory
for the -urpose for which they were intended. In October 1944
Junghans stexted to produce 7500 units and the first 500 were
sent by truck to the loding :lant. The truck was destroyed
by n bomb, the Gorm-xns destroyed t,.11 narts in the plant so that
no sarple is avail blo.

Owing to the limited experience the post wns not
6 known but it was said that the spring mo.tor was much cheaper

thx.n the set clock in the 2 clock system previously described.

The fuze was known as "Zt Z. S130 Wg' mit olectrischen
einstollwerk fur R 42 (21.4 cm)" rad was e rrocured by O.K.L.
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5. Miscollo~y

() iuný;hans Univtlrsaj. Mgehanicce2. Time Fuze.

.Afttr scuoI years cf oxu~erience with centrifuga~lly cpernttcd
tinc fuzus Gebruder Jun~$ianse decidet! that a much more useful ftuie
cc~ulO. bG. rroduceO. by uising r) st-ring drive. 'They rvcOodod. the use
of a clock mainer-ring in the light of their f-wn 'mnc Krurople
t.x-)Orience with breaka~ge rf the. conventionta mainsprings. They
believeOd thpt the fuze should have an Izmr'ýct element to makce it
nv-re useful oand. that the clock should be small to fit Into
sBqUeeze b')re projactiles..

The edevelop~ment cf this fuze, kniown as IWVereinfa~chter Zeit
Zixnc'er, Kleinwork, mit Zugbrjnc AntviebO wris started in 19 4~4 and a,
fqw hu dred serimles, were made. Twenty units were tested. and fizund
to be iatisfnectry, however, the 0.K.L. wanted. the clock mr.de' still

0smoilor but the war was over before the reedesign ccould be started.
Tho ccack, as mae.e, was 32 Pmm in diametrr (stand~ard 39) and was
driven by twc- hclic, 1 anrings oc'r'.rating normal to axis of the
clock, rcott,-ting the contral -rinio-.n by r oans (1 a steelband. A
conplett~. sA~ C; wý rkini.ý Orr;wing~s haýs been foc.rwareded to CM~ (or-l6-PT).

Nb !Jechr-nic 1 Time Thize f cr Soin StL-bilized Roc~mts.

The Vtuiw.fra-u" t esitn -,revirously described wrs revised by
substituting centrifug-rlly co-ert-.-eO elements foýr th-se thcAt were
orer'ý.ted by setbt-.ok. Ab,ýut 25,000 units wore ntdec for 21 cm
diameter rockets and 1 rger. The ogive of the rccket wr.s extended

- -tc, con-pletely flcuse the fuze and an ld~ditionrl external hammer wns
mAde to 'nroject in frcnt of this windshie1e. to actua~te the pocint

r~e..ntin element ý-f the time fuze. This fuzo w.s knownasR
f-pp 7, s/6o.

(c) Self Detut~ ue(oai)

Thirinc.-- January 19~45 & simp~lified self destructic'n element was
d~evoc1dpe fo.r the 37 --m fuze. Figure 1". sh:-we the wo-rking --rinci-ple
of tht, unit. In thc figure (ý) is cii !-.rm secured as shown but free
t,. riove outward when tho~ bullet s-ins. Srring (5) is load-ed by
the rmotinn cC the ..rn. iAft,-r the s'-'in has dýirminished to the D
desired extent thc i 4.Oladd STrrin,ý v(.rc,)mps the centrifugal force
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5. (c) Self Destructicn Fuze (Rotating) (contid).

on the arm allowing it to move inwa+rd. The closer it approaches
the center the mere rnoid is this motion and finally it fires
nrimer (4). The g." pressure acting en the enlarged portion of
the firing pin (2) causes the firing nin to fire the main primer

-thereby destroying the bullet.

60 units were made by hand were found to be satisf-ýctcry.
The design w -. sent to the 0.K.L. for apIrov-il Just about the end
of the wqr. It shculd be noted tht the aluminum rpiral as
divided makes an excellent and inexpensive detent. Tests shcvw
that at 30,000 RPM the bullet is safe (Maskensicherhoit) 45 feet
beyond the muzzle in the 3.7 mm design. At 50,000 RPM the bullet
is spfe 24 feet beyond the muzzle in the 20"mm design.

The described unit was intended to nrcvide a less exoensive S

0 fuze than used preivously and was called "Verisfachter 3.7 cm
Zerleger". It was adJusted in the factory by bending the tail end
of the spring.

The fuze it was to romlace cost 1.88 marks and the smaller
fuze ccst .61 mitrks. The aluminum spirals were made ,n special S
machines at the r- te of ibNut 100 per minute,

(d) Self Destruction Fuze (Yon-rotat'ing).

The fuze shcwn in Figure 12 was never designed but the pros-
pective designer thought it could be made s~mewhat as indicated. S

The block (1) provided with the slotted plate (1a) is resting rn
the plate secured by spring (3) and encmpusnes the firing -in
(2). By setback (abcut 40 g) the block moves downward and rotates
the firing rin. This rotation winds the erring (4) by moving sector
(8). After the bullet is in flight, spring (4) orerrates sector (8)
which Is slowed Jown by the ratchet (12) through wheels (9, 10 0
:nd 11). The self destruction firing !•,rm (5) previously cocked
on the halfshaft (8a) is releosed when the sh•ft (8a) has moved
sufficiently and strikes tho primer (7) whereupon the gas pressure
operates firing rin (2) and the bullet is destroyed.
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5, Jiecollllsy cont

G() Tlectric Fuze for .:c11cw Charfe (100 mm projectile).

To st-curt: the fast fuze respcnse required for a hc-llow ch•arg
the Gormrxis deovelopod o.n electricr.l impact fuze which generpttýd
its %wn current. Within a cylindrical enclosure 22 mm in diameter
a.nd 37 mm lonte was spring mounted a permnpent magnet cup -nd soft
iron ccre c-ntnining rt windinf; which terminated in two rlugs.
Exterinr to cup w s tlaoed .1 M' condenser. The cup.. was shorted
,:t its opon end by !,n iron keeper secured to the extornal structure.
At the moment of impact the magnet assembly moved away frcm the
keever the rt'sulting vwltnge (180-200 V) charged the condenser nnd
fired a sensitive cl-ctric squib. The unit seemed tc be in the
devolopment style ond nc stoples are avail.ble.

(f) Trchogrr.h fc-r Reccrceing Spin.

Utilizing ! nochr.nict.l tiine fuze clock with suitable recording
r.int nnd disc ennblc, the Germans to find the srin of nrojectiles
rnd rockets in rt sirrle yet seemingly sufficiently accurate wry.
W1,rking 6.rr:win•:s too.-ther with carves nlotted in a few tests have
been forword.ed tr, CNO (Op-16-IT).

Prepared by:

K, G. BrRGGIMT,
Technicinn. p 0
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' FiED,
APPUDU I I

,or EL ciprehensive survey of German Fuzes reference is made
to U. S. I'xr1 Te•hnical Misuioh in Varope Technical Report No.
191-45, prej:ek! by Lt.(Jg) R. Li Gelle.m* USM.

The F',in. aesigns dealt with in this report were screened out
from & ..%mxount of material ane weie. in the main, proposed too
late to bý "z, in actual warfare.

The mawerial reported on here was collected, screened and e-
valuate3. by:

Comdr. M. L. MATHSO3T,
Lieut. R. T, 'W..C'-1-I,

Lient. R. B. WiTC S,
Lieut. P. B. CASTLSTON,

Tech, M. L. KIMBY.
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